Creativity forms the base for innovation. Thus, facilitating thinking outside of one's expertise and allowing the scope of exploration to build new knowledge becomes the challenge. Creative thinking often results from transferring problem solutions from one industry or domain to another through fusion of knowledge that has not been connected before. In the idea generation process, external sources of information are tapped to exploit multiple resource domains facilitating divergent exploration. While developing solutions, one is only able to notice a limited section of the environment due to constraints of limited cognitive abilities and established thinking patterns [1]. To analyse this, an exploratory study was conducted with undergraduate engineering students and their application of the generative design process in coming up with design solutions for given design tasks. Results demonstrated that divergent & convergent thinking stimulated opportunity identification and solution generation, thus improving the originality and diversity of ideas. Kulogun et al mentions, "To perceive, interpret and communicate the world and the facts differently is an important goal of design education and can only be obtained through creative thinking" [2]. This study aims to identify the generative stage of the creative process and help enable opportunities for creative ideation. The study suggests that design education in non-design disciplines can enhance creative exploration and facilitate innovative problem-solving solutions. The generative framework can further help define pedagogic interventions for teaching design process to large classes of nondesign students.
INTRODUCTION
While developing solutions, designers are only able to notice a limited section of the environment due to their limited cognitive abilities and established thinking patterns [1] . Design fundamentally follows a step-by-step procedure in procuring and implementing knowledge. To understand the creative process involved in design it is necessary to analyse the design process as active steps towards design solutions that help enhance individual creativity. To facilitate adequate idea exploration, inter-disciplinary knowledge can help in exploiting multiple domains to provide fertile and versatile grounds for enhancing creative exploration. Creative thinking often results from transferring problem solutions from one industry or domain to another through fusion of knowledge that has not been connected before. Creativity involves searching for new knowledge. This paper presents an exploratory study, conducted with undergraduate engineering students who applied the generative design process in coming up with creative design solutions for a given task. The study aims to analyse each stage of the creative process and help redefine opportunities for creative representation to maximise creative idea and concept generation. The study suggests that design education in non-design disciplines can enhance exploration and facilitate innovative solutions.
Aim of the study
This study explores the possibilities of facilitating innovative problem solutions through the implementation of the 7C's design process [3] in non-design disciplines by presenting two project cases. For triggering exploration and creative conceptual outcomes, a simplified yet extensive process can be beneficial. Another challenge during the study was to communicate and implement the design process in a class of 127 engineering students from different disciplines. This study aims to build knowledge on the role of a comprehensible design process in fostering creativity in engineering students, thereby exploring the potential of the 7Cs design process as an integral part in the creative ideation and conceptualisation of products. Additionally, this can help develop a methodology for pedagogical interventions to enhance idea exploration and understanding of design process.
Design process
Researchers have tried to develop systems model to aid the creative idea generation. They have described and tried to formalise the design process by producing generic steps using the cognitive process.
Design process and Creative concept generation
Methods and strategies of creative problem solving try to initiate an operating system of innovation. Product design too focuses on similar processes. As the exploration of ideas is an important part of creativity, it is important to consider and nurture exploration in the design process [4] . Thus, a systematic generative design process can help in keeping mental inertia in abeyance and allow radical thinking. Psychological aspects of thinking patterns underline a dominant part of creativity and mental stimulation to generate new ideas. The overall creative problem-solving process has been explained in four steps: Preparation, Incubation, Illumination, and Verification [5] . This has formed the basis of all consequent creative thinking / problem solving endeavours. Over time, this has been further detailed into five steps: Problem Formulation, Preparation, Idea Generation, Idea Evaluation and Idea Selection [6] . Creative exploration is of highest importance in the design scenario, so as to compete by generating new opportunities. New and creative ideas emerge from a conscious effort to balance analysis and imagination [7] and by expanding and varying the search space of alternatives for design possibilities to inspire creativity [8] . Still, certain comprehendible challenges seem to arise in its application by non-design students. Thus, a more generative design process that is systematic, organised and inter-connected for effective and sustained functioning, will lead to a continuous generation of new ideas and creative exploration.
The 7C's Design Process
As mentioned earlier, the 7Cs design process for innovation is a structured step-by-step framework that elucidates the developmental journey of a design to its creative output. The seven steps are [3] : Cause -the concern to solve a problem by identifying needs and design opportunity. Context -understanding the user, the scenario and parallel products in the market. Comprehension -arriving at insights by analysing all available data gathered and drawing inferences. Check -a clear plan of action to set the design brief based on the design insights. This defines criterion for ideation and concept evaluation. Conception -creating multiple ideas and combining them to generate concepts for further development.
Crafting -detailing and developing final concept. Depending on the complexity and requirement of the project a small scaled mock up, full-scale model, working rig or CAD models are created for visual representation of the idea. Connection -connecting the solution provided with the user need. Getting user feedback on the proposed design to predict its demand and success in the market. The operational process shown in figure.1 helps to describe the design activity as a whole and depicts the steps for a holistic problem-solving application. Figure 1 . Evolution of 7C's generative framework [3] 
METHOD
The design project cases were part of a graded assignment within a university course -'Introduction to Design' for undergraduate engineering students from different disciplines who were in their second and third year of studies. During the course, they were taught the 7Cs design process through lectures and design case studies. The implementation culminated in a conceptual class project. The progressive design ideas while applying the generative framework, presentation, reports and documents were used for analysis. An explorative approach of study is taken towards two selected design project cases to further the understanding of the implications of the 7Cs generative framework's workings and its influencing factors on design exploration. To generate contextual knowledge of the given cause, study of users, parallel situations as well as lateral situations were carried out to identify constraints, scope and insights to be able to generate opportunity and ideas using analogy triggers. The process is further elaborated in figure. 2. Figure 2 . The Operational Flow of 7C's generative framework [9] The framework helped focus on generating design opportunity, insights and generate solutions within two space crunch scenarios. Being an extensive research and implementation process, the tasks were performed in groups over the span of the entire semester. The projects were broken down in 7 stages arising out of 7C's. Each stage was discussed in the class and each group was required to carry out tasks in order to complete the stage and make a short presentation after every stage. They were instructed to submit a report at the end of the semester explaining their design journey as well as make a short presentation to receive their final grades and fulfil the course credits. A brief description of the data produced are presented below: Figure 3 . The 2 projects implementation of 7C's design process [3] 3 DATA ANALYSIS The study draws inferences from the project cases in order to establish the 7Cs generative framework in supporting creative ideation and the development of product solutions. The ideas and design thoughts that were generated were analysed and rated on their originality, flexibility and relevance [10] . The rate scores are depicted in the table 1. 2  3  2  2.3  3  3  3  3  Flexibility  3  2  3  2.6  3  3  2  2.6  Originality  3  3  3  3  3  3  3  3  Elaboration  2  2  3  2.3  2  2  1  1.7  Quality  3  3  3  3  3  3  3  3 3-2.4=High 2.3-1.7=Moderate Below1.6=Low
Due to the generative process, at every level diverse exploration were carried out. The opportunity generation triggered primary action thought links that helped in generation of multiple sub-idea links.
The results showed high fluency, flexibility, originality and usefulness, of the ideation outcome thus giving the mark of creative ideas produced by the 7Cs generative framework by non-design students. This exploratory approach of inquiry was used to get an understanding of the challenges and advantages of the 7Cs generative framework for product design & engineering design implementation.
FINDINGS AND DISCUSSIONS
The findings of the inquiry show that generation of opportunity, creative idea and conceptual solutions exploration, has favourable effect on the design outcomes and its innovativeness by following the 7Cs process [3] within a Generative Framework [9] . The methodology helped to integrate associative thinking processes through analogy triggering at various stages to generate creative outputs. The generative phases of the framework helped manipulation of differing contexts to generate creative conceptual thought. The analogical association from a mix of natural as well as man-made objects steered abstract and lateral exploration by the fitting of attributes from source to domain [11] . The generative process helped the students to carry out exploratory thinking at every stage and develop novel design solutions. Thus, the idea output and the design outcomes indicated that the explicit framework at multiple stages facilitated diverse exploration for non-designers, this could enhance and bring benefit to projects at hand.
CONCLUSIONS
Studies on the creative thought process have highlighted certain characteristics of individuals in aiding creative processes: receptive attitudes, concern and involvement with problem, motivation, curiosity that helps to analyse and trigger alternate viewpoints. Thus, being sensitive to a situation, questioning its flaws, discovering what is missing and, moreover, to finally coming up with novel solutions that are applicable to desired users is fundamental to creativity in practice. Yet most often conventional intelligence takes centre stage and inhibits lateral exploration, thus compromising on the ideation output. Taking these nuances of the fundamentals, the 7Cs generative design framework was formulated and implemented to fulfil the design requirements of creative productivity in a more holistic way. It is a conscious process to break conventional thinking patterns with the use of analogy triggers to build diverse associations as articulated in the project examples. The 7Cs generative framework combines both divergent and convergent thinking for generative purpose has helped facilitate exploration and solution implementation through diverse associations at multiple stages of design creation. The generative process when coupled with analogical association, it is able to move exploration to multiple diverse directions and deliver creative design ideas. The training in 7Cs generative framework can be rendered useful for exploratory product design projects. E&PDE2019/1176
Figure 4: Outcome of 7Cs generative framework
Education today in non-design disciplines, like engineering and management, can enhance the creative productivity of both the students and their creative output through integrated pedagogic interventions. Implementation of creative generation and exploration of thought at every level of design development, can add value to the creative output, by enhancing the creative productivity and contributing positively to building a creative economy. Further work will be needed to formulate pedagogical instruments of implementing the 7Cs generative framework in non-design disciplines.
